Large optical cavity buried heterostructure window lasers in which only the transparent AlGaAs waveguiding layers, and not the active layer, extend to the laser mirrors have been fabricated. These lasers have threshold currents and differential quantum efficiencies comparable to those of regular large optical cavity buried heterostructure lasers in which the active region extends to the laser mirrors; however, the window lasers have been operated under pulsed conditions at three times the power at which otherwise identical1asers without windows degrade by catastrophic mirror damage.
PACS numbers: 42.55.Px, 42.80.Sa
Many failure mechanisms of AlGaAs lasers can be attributed to the presence of the active layer at the laser mirrors. Local heating due to optical absorption in the active layer near the mirrors can result in catastrophic mirror damage at high output powers. At somewhat lower output powers, facet erosion due to oxidation of the active layer can occur. Even at low output powers, defects are generated at a fast rate in the active region in the vicinity of mirrors. Catastrophic mirror damage can be avoided by making the laser structure transparent to the light output in the vicinity of the mirrors. This has been accomplished previously by selective Zn diffusion in stripe lasers and results in an order of magnitude increase in the available pulsed optical power.
1 The power output of Zn diffused window lasers is limited by catastrophic damage due to local heating in the bulk rather than at the laser mirrors. There is also evidence that laser degradation due to facet oxidation is greatly reduced in lasers with transparent AlGaAs mirrors. 2 This has been attributed to the greater stability of the native oxide of AlGaAs compared to the native oxide of GaAs.
In this letter we report on large optical cavity (LOC) buried heterostructure (BH) window lasers in which only the transparent AlGaAs layers, and not the active layer, extend to the laser mirrors. These layers have threshold currents and quantum efficiencies comparable to those of LOC BH lasers without transparent end sections and have been operated at up to three times the power at which regular LOC BH lasers degrade by catastrophic mirror damage. Window LOC BH lasers also appear to be more resistant to degradation due to mirror oxidation.
The window LOC BH laser structure is illustrated in Fig. 1 and replaced by transparent AlGaAs layers that are added during a second LPE growth. The optical mode is mostly confined to the Ala. 22 Gao. 78 As guide layer in both the center and window sections, which results in low loss coupling of the laser mode between the waveguides in the center and window sections.
The fabrication of the window LOC BH laser requires two LPE growths. The layers grown in the first growth are n- Ala.6 Gaa.4As ( 1.5 J.tm, Te doped), undoped Ala.os Gaa. 95 As (0.12f.t),p-Ala. 22 Gaa. 78 As (0.7 J.tm, Ge doped), andpAla.Js Gaa. 65 As ( 1.0 f.tm, Ge doped). Next, mesas are etched as is done for a regular BH laser. The mesas are then masked by photoresist, except for 50-J.tm sections, which will eventually be the window sections of the laser. The Ala. 6 Gaa. 4 As in the unmasked sections is then removed by selective etching in HF. This is followed by a brief nonselective etch to remove the active region as well in the unmasked sections. Figure 2 is a scanning electron microscope (SEM) photograph of a mesa prior to the second LPE growth showing the selective removal of the bottom cladding layer in the window section. After this, a thinp-Ala 3 Gaa. 7 As layer and annAl0.3Gaa.7As layer are grown in the second LPE growth. These layers grow on the sides of the unetched sections of the mesas, and both underneath and on the sides of the selectively etched sections. Figure 3 is a scanning electron micrograph of a cross section of a window section of the laser, after the second growth. Normally, LOC BH lasers are grown with n-type optical guide layers to minimize electron leakage. When n-type GaAs substrates are used this means the active layer is on top of the guide layers. However, it is difficult to fabricate these window lasers with the active layer on top of the guide layer, since this would require growing layers over the AlGaAs guide layer in the second LPE growth. By having the active layer underneath the optical guide layer, the layers of the second growth can be grown starting from the GaAs substrate. Window LOC BH lasers can still have n-type optical guide layers if p-type GaAs substrates are used.
Since the transparent Al 0 . 22 Gaa. 78 As guide layer, to which most of the optical power is confined, extends from mirror to mirror, there is very little coupling loss between the center and window sections of the laser. Typically, our window LOC BH lasers have threshold current of 8-10 rnA per J.tm stripe width of the lasers for pulsed operation and 9-12 rnA per J.tffi for cw operation and differential quantum efficiencies of 20-30% per facet. The best results obtained for 2-J.tm-wide stripes were pulsed and cw threshold currents of 15 and 18 rnA, respectively, and a differential quantum efficiency of 35% per facet. These results are nearly identical Blauvelt, Margalit, and Yarivto those of regular LOC BH lasers fabricated from the same wafer. The most significant difference between the window and regular LOC BH lasers was the ability of the window lasers to operate at high pulsed output powers without catastrophic mirror damage. Figure 4 shows the light versus current characteristics of a LOC BH laser and a window LOC BH laser for 2-,um-wide devices driven by 75-ns pulses at a repetition rate of 1 kHz. Window LOC BH lasers were operated up to 130-m WI ,um stripe width, which is three times the power at which regular LOC BH lasers fabricated from the same wafer failed due to catastrophic mirror damage. The output power of the window lasers was limited by heating and not by mirror damage. For stripe widths ofless than 2 ,urn, operation of the window LOC BH lasers in the fundamental transverse mode can be obtained. The far fields typically had irregularities due to scattered light as is shown in Fig. 5 . Irregularities in the far field typically are present in regular BH lasers as well due to scattering from the sidewalls of the laser. In window LOC BH lasers scattered light can also result from losses in the coupling of the laser light between the center and window sections. However, we were not able to determine whether coupling losses were significantly affecting the beam quality. We are currently working on other laser structures that are compatible with the window laser technology, to try to improve the laser beam quality.
We have also examined the effect of mirror oxidation on the laser performance by oxidizing the mirrors in boiling water. At regular intervals during this accelerated mirror oxidation test the pulsed laser characteristics were measured. Lasers without windows were found to degrade approximately four times as fast as window lasers. One possible explanation for this is that the oxide that is grown on the AlGaAs window sections is more stable than the oxide grown on the active layer of lasers without windows.
In conclusion, window LOC BH lasers with transparent waveguides at the mirrors have been fabricated. These lasers have threshold currents and quantum efficiencies that are nearly identical to those of regular LOC BH lasers, but have been operated at pulsed power outputs which are three times the level at which regular LOC BH lasers degrade by catastrophic mirror damage. Even greater output powers may be possible since the power is currently limited by heating of the window LOC BH lasers rather than catastrophic damage. The window lasers also appear to be less susceptible to damage due to facet oxidation. Chemical bath deposited (CBD) films show good photoconductive and electrical characteristics, however, this thinfilm deposition technique is restricted to temperatures of20-
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